Various effects have been reported in the literature for the essential oil from Chamaecyparis obtusa (EOCO), such as antibacterial and antifungal activity. In this study, we examined the effect of EOCO on emotional behavior and stress-induced biomarkers. Male ICR mice, aged 5 weeks at the start of each experiment, were individually housed in cages for 1 week. After placing each mouse in a glass container and exposing it to EOCO for 90 min, we then investigated the influence on emotional behavior using the elevated-plus maze (EPM) test, which is one of the evaluation methods for anxiolytic-like behavior. Significant anxiolytic-like effects were observed for the 7.0 mg/L air EOCO (P<0.05). After the EPM test, mice were dissected and changes in the stressinduced biomarkers within the brain were investigated by examining the amounts of fast nerve growth factor receptor (NGFR) and activity regulated cytoskeletal-associated protein (Arc) gene expression, and brain-derived neurotrophic factor (BDNF) and galactokinase 1 (GLK1) protein expression. Significant increases were observed in the amount of NGFR after inhalation of 7.0 mg/L air EOCO (P<0.05). These results indicate that EOCO has both anxiolytic-like and stress mitigation effects.
There are various Chamaecyparis obtusa taxa, including C. obtusa (Siebold et Zucc.) Endl., C. obtusa 'Breviramea', C. obtusa 'Filicoides', C. obtusa 'Filicoides Aurea', C. obtusa 'Penduliformis', C. obtusa f. hasegawana Hayashi, C. obtusa var. formosana (Hayata) Hayata, and C. obtusa var. takeuchii Hayashi, with most of these found in Japan and Taiwan.
There have been many research reports on the components of the typical taxon, C. obtusa [1, 2, 3, 4] , along with other reports that have examined the antibacterial and antifungal activity [5] [6] [7] [8] . While in Japan it has been suggested that the essential oil from C. obtusa (EOCO) may have a relaxing effect, there have yet to be any detailed reports on this. In the present study, we investigated the influence of EOCO on emotional behavior by analyzing the anxiolytic-like effect in mice. Moreover, to clarify the relationship between the anxiolytic-like effect and stress for EOCO, we also analyzed stress-induced biomarkers.
EOCO component analysis was performed using GC ( Table 1) . The major components were δ-cadinene (205.8 g/L) and α-pinene (140.7 g/L). Other components analyzed included γ-cadinene (74.9 g/L), α-cedrol (74.4 g/L), α-muurolene (62.4 g/L), γ-eudesmol (62.4 g/L), γ-muurolene (54.1 g/L), α-elemene (37.2 g/L) and α-copaene (17.6 g/L).
The EOCO was further investigated by examining its influence on the emotional behavior of mice. Over a period of 90 min, the mice inhaled 3.5 mg/L air, 7.0 mg/L air, or 10.5 mg/L air of EOCO. After exposure to the EOCO, mice immediately underwent an EPM test ( Figure 1 ). A significant increase in the rate of entry into the open arms and the amount of time spent in them was observed for the Table 1 : Identification (LRI and quantitative data) of essential oil from Chamaecyparis obtusa (EOCO) by GC-MS and GC-FID. LRI, linear retention indices of reference (DB-5 column) and measurement (Equity-1 column); MS, mass spectra of NIST library; STD, direct comparison of standard compounds. 7.0 mg/L air EOCO (p<0.05). This indicates that an anxiolytic-like effect was observed for EOCO.
To investigate the influence of 7.0 mg/L air EOCO on stress, stressinduced biomarkers within the brain were examined by analyzing the amount of both the fast nerve growth factor receptor (NGFR) and activity regulated cytoskeletal-associated protein (Arc) gene expression ( Figure 2 ) and brain-derived neurotrophic factor (BDNF) and galactokinase 1 (GLK1) protein expression ( Figure 3 were noted for the BDNF and GLK1 protein expression levels after EOCO inhalation.
Although a large amount of research on the relationship between anxiety-related behavior and stress has been previously performed [9] [10] [11] [12] , only a few studies have examined the relationship between stress and anxiety after inhaled administration of EOCO [13] [14] [15] . Overall, these previous results have suggested that EOCO has an anxiolytic-like effect and can mitigate the stress effect. Moreover, other studies have reported that different types of stress conditions can be influenced by the odor of coffee and lavender [14, 15] . In these studies, significant changes in the stress-induced protein expression levels were observed 24 hours after prior water immersion stress. In contrast, we did not observe any significant changes in the stress-induced protein expression levels in the current study. This may be because the mice in our study were subjected to lower stress conditions than those used in the water immersion stress experiments. This suggests that the strength of the loaded stress may also be an important factor with regard to the level of expression for the stress-induced biomarkers within the brain. However, our results did clearly show that EOCO exhibits an anxiolytic-like effect and mitigates the stress effect.
As shown in Table 1 , EOCO contains a large quantity of δ-cadinene and α-pinene. α-Pinene is well known for its anxiolytic-like effect when administered by inhalation [16] . Therefore, we suggest that the anxiolytic-like effect seen in EOCO was at least partly attributable to α-pinene. However, our recent discovery showed that the major components of an essential oil are not necessarily absorbed in the same quantities and/or ratios [17] . Therefore, it is necessary to consider the effect of the inhaled essential oil from a variety of viewpoints.
In conclusion, our present findings may demonstrate another key part of the overall relationship that exists between emotional behavior and stress. 
Experimental
Essential oil from Chamaecyparis obtusa: In October 2010, Hinoki Seiko Co., Ltd. (Nagano, Japan) collected branches from trees of C. obtusa (Siebold et Zucc.) Endl., family Cupressaceae, growing in Nagano, Japan. After cutting the branches into small pieces, the essential oil was extracted by steam distillation.
1) Gas chromatography analysis:
A Clarus 500 (Perkin Elmer, Inc., Waltham, MA, USA) was used for gas chromatography-mass spectrometry (GC-MS) analysis, while a GC-2010 Plus (Shimadzu, Kyoto, Japan) was used for GC-flame ionization detection (FID) analysis. The details of the GC analysis have been described elsewhere [18, 19] . Briefly, either EOCO or authentic standards, diluted with n-hexane, were injected into a GC-MS instrument, which operated under electron impact ionization mode and FID. The capillary column used was an Equity-1 {30 m × 0.25 mm ID, 0.25 µm, non-polar column; Sigma-Aldrich Japan K.K. (Tokyo, Japan)}. GC conditions were as follows: carrier gas, helium (1.33 mL/min); split rate, 50 : 1; inlet line temperature, 250°C; source temperature, 230°C; column temperature, 35°C for 5 min, 35-215°C at 3°C/min, and then 215°C for 5 min; mass spectra, electron impact, 70 eV. Individual components were identified by comparison with authentic standards and/or from the GC-MS NIST library and/or retention index (LRI) [20, 21] .
2) Behavioral analyses:
Animal: Male ICR mice (Clea Japan, Tokyo, Japan), aged 5 weeks at the start of each experiment, were individually housed in cages for 1 week. The cages were placed in a room artificially illuminated by fluorescent lamps on a 12 h light-12 h dark schedule (light period: 08:00-20:00 h) and maintained at 24 ± 2°C. The mice were given free access to water and food. The mice had no prior exposure to either the essential oil or any drugs. Each mouse was used once during the experiment. Five mice were used for each inhalation experiment (5 mice × 4 different concentrations = 20 mice). Five mice were used for each stress marker experiment (5 mice × 2 different concentrations = 10 mice). A total of 30 mice were used for the entire study, with all experiments conducted in accordance with the guidelines regarding the care of experimental animals, as approved by the Animal Research Committee at Toho University.
Drug administration:
For the main experiment, after each mouse was placed in a glass container (volume 5 L; 100 × 250 × 200 mm, length × width × height) under 200 lx illumination, it was allowed to acclimatize for 30 min [22] . During the acclimatization, a piece of 11 µm filter paper (GE Healthcare Japan, Tokyo, Japan) soaked Essential oil from Chamaecyparis obtusa Natural Product Communications Vol. 8 (4) 2013 517
in EOCO was set on the upper side of the glass container. After the acclimatization period, mice were then exposed to the EOCO at a concentration of 3.5, 7.0 and 10.5 mg/L air. The EOCO inhalation was initiated 90 min prior to the EPM test. The details of this procedure have been described elsewhere [16, 23] . The concentration of the essential oil was calculated based on the assumption that there was complete volatilization of the essential oil on each filter paper.
Elevated-plus maze (EPM) test:
The EPM test [24] consists of 2 open arms (20 × 5 cm) and 2 closed arms (20 × 5 cm) with walls that cross each other at right angles. The maze was located 60 cm above the floor and exposed to an illumination of 200 lx. Each mouse was placed at the crossing point of the maze, and its behavior was subsequently recorded for 10 min by an attached camera. These data were then analyzed by the ANY-maze software program (Stoelting Co., Wood Dale, IL, USA). The details of this test have been described elsewhere [16, 23] . The percentage of entry into the open arms (%), time spent in the open arms (sec), and total distance travelled (m) during the EPM test were measured after pretreatment with inhaled EOCO. Each value represents the mean ± SE (n = 5).
3) Expression and immunohistochemical assay:
Dissection of the brain for gene expression analysis: Immediately after inhalation, the mice were decapitated, and whole brains were removed. After the whole brains were collected for each group, they were divided into right and left hemispheres, and then used in the RT-PCR and immunohistochemical analyses, respectively. Collected samples were immediately flash frozen in liquid nitrogen and stored at -80°C until subsequent analyses. Total RNA extraction and RT-PCR: Total RNA was isolated from the finely powdered brain samples using the RNeasy Mini Kit (Qiagen, Tokyo, Japan), in accordance with the manufacturer's instructions. Final RNA concentration was determined spectrophotometrically (NanoDrop 2000c, Thermo Scientific, Waltham, MA, USA) and purity was determined through formaldehyde-agarose gel electrophoresis (Mupid-Ace, Advance, Tokyo, Japan). Total RNA was then reverse-transcribed into cDNA using the AffinityScript QPCR cDNA Synthesis Kit (Agilent Technologies, Santa Clara, CA, USA). To amplify the gene-specific sequences, PCR techniques were applied using 10 µL of the EmeraldAmp PCR Master Mix (TaKaRa, Tokyo, Japan) with 1 µL of the specific primer sequences, summarized in Table 2 . The PCR procedure, which used the GeneAmp PCR System 9700 (Applied Biosystems, Carlsbad, CA, USA) included an initial denaturation at 97°C for 5 min, followed by amplification cycles, each consisting of 95°C for 45 s, 55°C for 45 s, and 72°C for 1 min. At the end of the procedure, an additional extension step was performed at 72°C for 10 min. The samples of the PCR products were run on 1.6% agarose gel with ethidium bromide, with the electrophoresis performed using the Mupid 2X electrophoresis system (Advance, Tokyo, Japan) set at 100 V for 30 min. Visualization and calculation of each band were performed using ChemiDoc XRS+ powered with Image Lab Software (BioRad, Hercules, CA, USA).
Preparation of paraffin sections for immunohistochemical assay:
After thawed brain samples were post-fixed in 10% formalin for 48 h at 4°C, the specimens were thoroughly rinsed with phosphatebuffered saline (PBS), pH 7.4, and then dehydrated through a series of graded ethanol baths. Next, specimens were immersed 3 times in xylene for 2 h at 4°C, and then in a mixture of xylene and paraffin (1:1) once at 37°C, and twice at 58°C. In the final step, infiltrated samples were embedded into a wax block that was sliced into 10µm-thick sections using a microtome, with each slice then carefully placed on a glass slide.
Immunohistochemical staining: The sections were de-paraffinized with xylene and rehydrated through a graded ethanol series. After rinsing with distilled water for 30 s, the sections were immersed into PBS for 30 min at room temperature to complete the rehydration. Antigen retrieval was carried out by boiling the sections in 10 mM sodium citrate for 20 min and then allowed to cool down to room temperature. To quench endogenous peroxidase activity, the sections were pretreated with a 3% hydrogen peroxide/methanol solution for 5 min. The sections were also preincubated with a blocking solution (Funakoshi, Tokyo, Japan), and normal goat serum diluted with PBS containing 1 g/L Tween 20 (PBST) at room temperature for 30 min. Primary antibodies, GLK1ab37796 (Abcam, Cambridge, UK) and BDNF H-117 (Santa Cruz Biotechnology, Santa Cruz, CA, USA) were diluted in the incubation solution 100 and 200 times respectively, and then applied to sections for incubation in a humid chamber at 4°C for 24 h. After rinsing the section with PBST, biotin-labeled secondary antibody, diluted with incubation solution, was added and incubation was carried out at room temperature for 60 min. Following the removal of excess antibody with PBS, the section was then incubated in avidin/biotin complex (ABC) reagent (Vectastain Elite, Vector Laboratories, Burlingame, CA, USA) at room temperature for 30 min. The immunostains were developed by applying diaminobenzidine (DAB) substrate solution to the sections for 20 min. To counterstain the neuronal nuclei, 0.1% cresyl violet (MP Biomedical, Santa Ana, CA, USA) was applied to each section for 5 min. After rinsing with tap water, sections were dehydrated through a series of graded ethanol, exposed to xylene for infiltration, and then mounted using Entellan Neu (Merck, Darmstadt, Germany). Slide images were examined and recorded with a microscope (Digital Sight DS-L2, Nikon Corporation, Tokyo, Japan). Cells stained reddish violet were counted as cells that are Nissl stain positive, while those stained brown with DAB reagent were counted as immunoactive cells that express either GLK1 or BDNF. Any cells that were ambiguous after staining were excluded from the analysis. Data are expressed as the percentage of the protein expressing cells that were also stained by cresyl violet, per unit area (50 µm 2 ) in the hippocampal dentate gyrus region.
Statistical analysis:
All data were expressed as the mean ± SE. EPM test results were examined by one-way ANOVA with Dunnett's multiple comparison post hoc test (Fig. 1 ). Stress markers were examined using t-tests for two-group comparisons (Figs. 2, 3 ). All results were determined using JMP software (SAS Institute Japan Ltd., Tokyo, Japan). Statistical significance was established at p < 0.05. EOCO groups were compared with a control group, which was comprised of animals exposed to water instead of EOCO.
